As data volume explodes, nurse scientists grapple with ways to adapt to the big data movement without jeopardizing its epistemic values and theoretical focus that celebrate while acknowledging the authority and unity of its body of knowledge. In this article, the authors describe big data and emphasize ways that nursing science brings value to its study. Collective nursing voices that call for more nursing engagement in the big data era are answered with ways to adapt and integrate theoretical and domain expertise from nursing into data science.
Nursing science integrates a unique body of knowledge (epistemology) with ways of being (ontology as practice), doing so not for its own end but for the health and well-being of those it serves. To ask and answer great questions is the craft of practicing nurses at the bedside, nurse scientists at the bench or in the field, and nurse scientists with a focus on data science at the desk. In the last decade, stockpiles of data have been generated through electronic health record documentation, with streams downloaded from wearable devices or shared via tweets, posts, and YouTube uploads. The potential to answer questions, track behavior, inform behavioral interventions, and identify rare patterns and signals to identify disease early is growing. The data explosion is one that nurse scientists cannot ignore (Bakken & Reame, 2016; Brennan & Bakken, 2015) .
To find the nugget in the data sea is the task of nurse scientists willing to ride the wave of the big data movement to answer what and how questions about the human health experience. Yet like many waves, this one is a literal tsunami that nursing science can engage now. Big data have been described as having five dimensions that contribute to the "bigness" : volume, velocity, veracity, variety, and value (Brennan & Bakken, 2015) . Data science requires specialized methods and tools-conceptual and empirical-to turn big data into action. Nurse scientists of the future need to know how to access these pearls in the sea and understand how to use the proper tools to culture them. Yet to do so without the benefit of a mooring to what it is to know and how we know it, nurses will not yield useful answers to nursing science questions. The purpose of this article is to describe big data and data science in the context of nursing knowledge development and to identify policy trends and implications to bring value to nursing science in the big data era.
The Five Vs of Big Data
In recent years, it is estimated that in every essential way, data have exploded in size, speed of movement, and penetration into daily life. Commonly called big data, data are big not only because there is a large volume of data. Big data are conceptualized as having five major components (the five Vs): volume, velocity, variety, veracity, and value. To characterize the volume of big data, consider that between 2005 and 2016 the volume of data multiplied 300 times and that the amount of data generated in the last 2 years exceeded data produced from the entirety of human history (Marr, 2015) . Data streams arising from connected devices, cell phones, and smart devices traveling at great speeds and volume contribute to big data velocity. Estimates show that at least 420 million wearable and wireless health monitors are in use and that by 2020 up to 50 billion smart devices will be connected and streaming data in the vast internet of things (Marr, 2015; Morgan, 2014) . Different formats of data contribute to big data variety, including cell phone streams, video uploads, and data generated from varied device types, largely using unstructured formats.
In the context of the volume, velocity, and variety of data, it is easy to understand that veracity (the fourth V), or the extent to which the data are true, becomes important. Poor data quality is not only inefficient but expensive. Integrating data better in the healthcare sector alone could save up to (Marr, 2015) . Top companies who increase their data accessibility by just 10% can yield more than $65 million. Although over 70% of companies have invested in big data, the value they are achieving may be elusive, indeed resting on tackling the 99.5% of big data that are never analyzed or used (Marr, 2015; Regalado, 2013) .
Nurses with knowledge of informatics may question if data science is a separate specialty or if it fits within the domain of nursing knowledge. The specialty of healthcare informatics has historically focused on hardware, software, and the adoption of computer technology in healthcare practice. While this field is continuing to evolve with new and better devices and increased attention on interoperability, the focus is beginning to shift from using technology to the retrieval of data and sophisticated analyses that are informed by data science. Big data afford more complex data analytics, necessitating focused study and application by healthcare professionals and computer scientists. Data science is not informatics, although informaticians are among those leading the data science movement to bring meaning and value to the masses of data generated and historically studied in informatics.
Policy Trends and Implications
Leaders in nursing science development point to the inevitable need to address big data with a nursing lens, as data science is applied across nursing contexts. Trends and implications for policy cut across nurse education, research, and practice. In addition, there are specific implications for curricula of PhD nursing programs that are educating nurses who will interface with big data in advancing nursing knowledge.
Nursing Education
Educators increasingly are acknowledging the relevance of data science for PhD students who must learn to operate effectively in a team science environment. In 2015, the Council for the Advancement of Nursing Science (CANS) convened a series of think tanks to reconceptualize PhD education for this millennium. Its research priorities included data science through areas like precision health (including methods to analyze genomic data), big data and data analytics, and informatics and technology. It defined big data and data analytics to include "exploration of patient outcomes in very large data sets and incorporating the innovative use of complex, continuously streamed data into nursing science" (DeVon, Rice, Pickler, Krause-Parello, & Richmond, 2016, p. 2) .
The American Association of Colleges of Nursing (AACN) in 2016 centered its doctoral education conference on the theme of big data. Later that year, AACN released the report Advancing Healthcare Transformation: A New Era for Academic Nursing, emphasizing that data science is an important tool in the toolbox to transform healthcare (Enders, Morin, Pawlak, Grey, & Rubenstein, 2016) . Data science is present in the National Institute of Nursing 2016 strategic plan and the American Academy of Nursing's call to action for nursing to engage in big data science (Clancy et al., 2014) . While the academic bodies of nursing are issuing calls for engaging in big data and data science, professional organizations like the American Nurses Association and specialty groups could also issue position statements to outline specific steps that can be taken to support nursing knowledge development and practice in the big data era.
Research and Industry
Amid calls for more nursing engagement with big data, there is a shortage of those with the knowledge and skills to do so. One example of nurses engaging in big data and data science is the "Nursing Knowledge: Big Data Science Initiative" led by the University of Minnesota (Clancy et al., 2014) . This initiative is grounded in perspectives of nursing's epistemic values, unique focus, and broad reach to impact healthcare. Annual conferences have been held since 2013. Conference proceedings are available online, and select sessions are archived and freely available.
Workgroups organized by the big data science initiative have focused on care coordination, clinical data analytics, care contexts, nurse education, encoding and modeling, health information technology policy, mHealth (mobileHealth) for nursing, nursing value (that is, contributions to care quality), incorporating social and behavioral determinants of health into Electronic Health Records (EHRs) and for data exchange, and research. Workgroup reports reveal the extensive work the many nurse informaticists have conducted to ensure nursing data are standards-based (and represented at standards meetings); outcomes of nursing care are searchable, shareable, and reportable; nursing use cases are defined and validated (for example, in reference to care coordination); and information models encompass nursing concerns and are made available to policymakers (University of Minnesota School of Nursing, 2017).
One innovative feature of the University of Minnesota's work is that it engages nursing informatics faculty as well as those in industry and practice. This is important because decisions made by these workgroups can then be implemented in national efforts to make healthcare data shareable and more widely usable, and in industry-led efforts to refine tools for nursing work. Specific policy changes recommended across the workgroups include calls to integrate a national unique nurse identifier within EHR, reduce the burden of nursing documentation in EHRs while upholding data veracity and value, create and share best practice guidance for EHR customizations, and advocate for particular legislation. Legislation of relevance to data science and nursing in recent years includes preserving healthcare coverage for underserved Americans, promoting research and larger data integrations through the 21 st Century Cures Act, and the integration of genomic data into healthcare decision-making as part of the All of Us (formerly Precision Health) initiative (National Institutes of Health, 2016).
Nursing Practice
At the bedside, nurses should be empowered to ask about their outcomes of nursing care, to request refinements of their EHR to better match their work and to reduce their documentation burden, and to request better availability of viewing what others see in the EHR (currently, one's data view is limited by role). While valid data are needed to make inferences and assign value to EHR data, nursing electronic documentation is cumbersome and infrequently customized. Electronic documentation creates new work and revised workflow and even threatens patient safety because of difficult data retrieval and other EHR-related unintended consequences (Gephart, Bristol, Dye, Finley, & Carrington, 2016) . Therefore, we need to ensure that data purporting to describe or represent nursing care adequately reflects the epistemology and ontology of nursing. This oversight cannot be delegated outside of nursing but instead should be the responsibility of nurses-from the creation of data standards to the entry of data to the interpretation of data for practice.
Nursing PhD Curricula
Generating knowledge for nursing using big data requires skills to collect, clean, filter, and merge datasets that exceed traditional data-processing methods. Data science uses digital data to accelerate discovery and support and improve critical decisions to inform economic, political, and healthcare processes. Leveraging large datasets requires skills to manage data at the point of collection as well as the point of use. While research doctorates offer content in methods, theory, data analysis, and substantive domain knowledge, data science is not commonly integrated into core curricula (Brennan & Bakken, 2015; Gennaro, 2016) . Existing doctoral nursing curricula are extensive and complex; incorporation of new data science knowledge into core curricula must be carefully managed to provide seamless integration. Content on data science can be integrated into the PhD curriculum to teach students to apply data science as an example of scientific principles. In addition, doctoral students in nursing who have particular acumen and interest can pursue minors in data science through interdisciplinary connections. Faculty in the University of Arizona's College of Nursing have been deeply involved in identifying strategies to incorporate data science into its core curriculum for the PhD in nursing. Forthcoming publications will describe this in detail. The authors identified specific approaches to strengthen integration of data science content into PhD preparation of nurse scientists. Some examples follow.
In theory and philosophy courses, for example, Baird's (2004) idea of "thing knowledge" is included in a unit on epistemology to explore how technology, like theories, may be used to constitute knowledge relevant to nursing. In addition, the knowledge that is gleaned from analysis of selfmonitoring data may be discussed as a new way of knowing. Finally, because big data itself is not knowledge, students should be taught how to integrate substantive nursing theories and metatheoretical strategies in theory development and evaluation to facilitate the transformation of big data into nursing knowledge.
Selected methods courses can incorporate machine learning, artificial intelligence, and advanced mathematical techniques as exemplar cases of how research can be used for prediction. Criteria for research rigor taught in traditional methods courses should now include the importance of maintaining solid research principles in big data research (for example, strengthening inference with a comparison group, addressing threats to validity). While generalizability may be broader with studies that leverage big data, one could argue that issues of data veracity are major concerns. Techniques for data wrangling and cleaning are necessary.
Ethics course content on privacy should also address how cyberthreats can lead to data breaches that compromise the privacy of personal information. Informatics courses can address the challenge of governance in a big data era and discuss how data ownership and proprietary electronic health record systems limit interoperability between systems used to care for or study patients. In all of these areas, maintaining nursing's theoretical perspectives will ensure that the human health experience, the role of nursing therapeutics, and issues of depth and meaning bring clarity to what could otherwise be reduced to bits and bytes.
Championing Nursing Theory and Research in Data Science
Nurse scientists need to know about data science. They may learn techniques for using software to wrangle, delimit, prioritize, and analyze exploding data, or they may elect to collaborate with data scientists with knowledge of these techniques. Initiatives like those led by the University of Minnesota and the University of Arizona are just two examples of how academic policy in nursing is embracing data science. Moving forward in the big data era will involve honoring nursing epistemic values for knowledge and understanding while continuing to clarify and deliberate over the substantive focus of nursing as a knowledge-based discipline. Conveying clarity about the nursing perspective is critical in ensuring that nursing contributions are recognized if not valued among the broader scientific community amidst the big data movement.
Although big data introduces new tools in knowledge development for our discipline, the traditional tools used in nursing research will not lose their relevance-including its diverse repertoire of research methods and the role of nursing theory in organizing the substantive focuses of research, data interpretation, and application of findings. To stay contemporary, nurse scientists can build from both theory and big data in ways that make nursing knowledge more accessible, visible, visually interesting, and data-enhanced. Keeping aligned with the domain and theoretical focus of nursing science is necessary to bring nursing value into the big data era.
New ways of thinking about research are ripe for exploration, and the substantial interdisciplinary nature of the data science field will require collaborative research teams. As the cast of characters grows in big science, it becomes even more important to sustain the niche and nuances of nursing knowledge, theory, and research findings as they contribute significantly to healthcare. Without continuing to champion our disciplinary identity, theories, and research in this big data era, patients and the discipline as a whole risk losing representation and relevance of nursing knowledge and expertise in healthcare policy.
